In the present study, the potential of aqueous extract of Solanum tuberosum for synthesis of Iron Oxide nanoparticles (Fe3O4) was evaluated. An eco-friendly synthesis of iron oxide nanoparticles and characteristics of the obtained Fe3O4 nanoparticles were studied using Ultraviolet-visible spectroscopy (UV-Vis), Fourier Transform Infra-Red Spectroscopy (FTIR), Scanning Electron Microscope (SEM), Energy-dispersive X-ray spectroscopy (EDX), X-Ray Diffraction (XRD) and High Performance Liquid Chromatography (HPLC). The synthesized Iron oxide nanoparticles were effectively utilized for the antibacterial activity and antioxidant studies. The rapid biological synthesis of iron oxide nanoparticles using the extract of S. tuberosum provides an environment friendly, simple and efficient route. From the results, it is suggested that synthesized Iron Oxide could be used effectively in future biomedical engineering. 
INTRODUCTION
The synthesis of nanomaterials and the investigation of their possessions and uses is one of the interesting parts in the current scientific research. Researchers have shown extreme interest to discover various remarkable structures of nanoparticles. Such nanomaterials have developing application in numerous practical fields including biomedical, catalysis, biosensors and energy storage devices. The main purpose behind the intense significance of nanoparticles is the exposure of many storage and concealed features at the nanoscale 1, 2, 3 . Nanoparticles synthesis is presently an important area of investigation, searching for an eco-friendly approach for present situation.
Solanum tuberosum belonging to the family Solanaceae include a number of commonly collected or cultivated species. The major species grown worldwide is Solanum tuberosum (a tetraploid with 48 chromosomes), and modern varieties of this species are the most widely cultivated 4 . Due to the presence of active constituent, plant has been reported to possess various pharmacological activities such as antibacterial, antifungal, antitumor, hypotension effect etc. The aim of the work presented here was to synthesize Iron Oxide using an eco-friendly method and evaluate the antibacterial effect. Appears to be ecofriendly and cost effective alternative to conventional chemical and physical methods and would be suitable for developing large scale production.
In this study, UV-Vis spectra were carried out for the synthesized nanoparticles. The obtained absorption peaks revealed the presence of nanoparticles in the products. FTIR studies were carried for the prepared nanoparticles and nanocomposites. The vibration frequencies present in the spectra confirmed the formation of the nanoparticles. XRD analyses were carried out for the synthesized nanoparticles and nanocomposites. From the spectrum results, the sizes of the nanoparticles were determined. The calculated values were ranging from 25-100 nm, confirming the nanoscale nature of the products. The morphologies of the synthesized product were studied using SEM analysis. From the SEM images, the shapes of the nanoparticles were observed. The presences of elements in the products were confirmed by EDX analysis.
The antibacterial activity of synthesized Iron Oxide nanoparticles was studied against pathogenic bacteria of gram positive and gram negative strains were compared ISSN: 2250-1177
[6] CODEN (USA): JDDTAO with ampicillin, a standard antibacterial agent using agar well-diffusion method. From the results it was seen that the antibacterial activities were found to be good for all concentrations of nanoparticles against the studied pathogens. This green method of synthesizing Fe3O4 nanoparticles could also be extended to fabricate other industrially important metal oxides. This simple, low cost and greener method for development of nanoparticles may be valuable in environmental, biotechnological and biomedical applications.
MATERIALS AND METHODS

Collection of Sample
The fresh potato (Solanum tuberosum) was collected from Whole sale market place, Hosur Tamil Nadu state, India during the month of June 2018. The collected potato was identified and authenticated. The collected sample was tightly packed with polyethene bag and then transferred to the laboratory. Then the samples were washed with distilled water twice and kept under room temperature.
Pure Culture
The 
Method:
Extraction of Magnetic Iron Oxide nonoparticle Fe3O4 (Magnetite) nanoparticles were synthesized by coprecipitation method with slight modification as described previously 5 . Briefly, 3gm of FeSO4.7H2O and 6 gm of FeCl3 were dissolved each in 10ml of distilled water separately and the solutions were stirred using magnetic stirrer for 20min. FeCl3 solution was initially sonicated followed by drop wise addition of FeSO4.7H2O solution. This mixture was added to potato extract and the pH of the solution was adjusted to 8 using the 1N NaOH. The resultant black precipitate was allowed to stand for 3 to 4 hrs. without disturbance for the precipitate to settle. The reaction for the formation of iron oxide as FeSO4.7H2O+2FeCl3→Fe3O4+SO↑+6Cl-+14H+. Centrifugation at 5000rpm for 20min was repeated two more times to remove the chlorine contamination and the nanoparticles were finally collected as power after oven dried at 60˚C.
Determination of total phenolic and tannin contents:
The total phenolic content was determined according to the method described by Siddhuraju and Becker 6 , the tannin content of the sample was calculated as: Tannin (%) = Total phenolics (%) -Non-tannin phenolics (%).
Estimation of total flavonoid content:
The total flavonoid content of sample extracts was determined by the use of a slightly modified colorimetric method described previously 7 . Absorbance of the mixture was determined at 510 nm versus prepared water blank. Rutin was used as a standard compound for the quantification of total flavonoid. All the values were expressed as gram of rutin equivalent (RE) per 100 gram of extract.
Metal chelating activity:
The chelating of ferrous was estimated by the method of Dinis et al. 8 . Absorbance of the solution was then measured spectrophotometrically at 562nm. The chelating activity of the extracts was evaluated using EDTA as standard. The results were expressed as mg EDTA equivalent/g extract.
Phosphomolybdenum assay:
The antioxidant activity of samples was evaluated by the green phosphomolybdenum complex formation according to the method of Prieto et al. 9 . The absorbance of the mixture was measured at 695nm against a blank. The results reported (Ascorbic acid equivalent antioxidant activity) are mean values expressed as g of ascorbic acid equivalents/ 100g extract.
Assay of superoxide radical scavenging activity:
The assay was evaluated based on the capacity of various extracts to inhibit formazan formation by scavenging the superoxide radicals generated in riboflavin-light-NBT system 10 . The absorbance was measured at 590nm. The percentage inhibition of superoxide anion generation was calculated as: % Inhibition = [(A0 -A1) / A0] X 100, where A0 is the absorbance of the control, and A1 is the absorbance of the sample extract/standard.
Assay of nitric oxide scavenging activity:
The procedure used in the experiment according to the previous study 11 . The absorbance of the chromophore formed was read at 546nm.
Hydrogen peroxide scavenging activity:
The ability of the extracts to scavenge hydrogen peroxide was determined according to the method of Ruch et al. 12 Absorbance of hydrogen peroxide at 230nm was determined, the percentage inhibition activity was calculated from [(A0 -A1)/A0] X100, where A0 is the absorbance of the control (reaction mixture without extract) and A1 is the absorbance of the extract/standard.
Hydroxyl radical scavenging activity:
The scavenging activity of chloroform, acetone, methanol and hot water extracts of H. herbacea and N. alata on hydroxyl radical was measured according to the method of Klein et al 13 . The intensity of the color formed was measured spectroscopically at 412nm against reagent blank. The % hydroxyl radical scavenging activity (HRSA) is calculated by: % HRSA = from [(A0 -A1)/A0] X100, where A0 is the absorbance of the control and A1 is the absorbance of the extract/standard.
Free radical scavenging activity on DPPH•:
The antioxidant activity of the extracts was determined in terms of hydrogen donating or radical scavenging ability using the stable radical DPPH, according to the method of Blios 14 . The absorbance of the sample was measured at 517nm. Radical scavenging activity was expressed as the inhibition percentage of free radical by the sample and was calculated by: % DPPH radical scavenging activity = (Control OD -Sample OD / Control OD) X 100.
Micro biological tests:
The standard microbiological tests such as Gram's staining followed by Morphological characterization and biochemical characterization tests such as Carbohydrate fermentation test, Starch utilization, Catalase test, Voges -Proskauer test, Urease test, Oxidase test, Gelatin liquefaction and Motility test were performed to identify the organism 15 .
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[7] CODEN (USA): JDDTAO Antibacterial assay:
The standard antibacterial assays such as Agar well diffusion method 16 , Antimicrobial screening by disk diffusion technique 17 , Minimal Inhibitory Concentration (MIC) (Broth Tube Dilution Method) were performed.
Characterization of the Synthesized Iron Oxide
Nanoparticles:
UV -Vis Spectroscopy:
Ultraviolet-visible spectroscopy (UV-Vis) means absorption of spectroscopy in the UV-visible spectral region. The iron nanoparticles were characterized by UV-VIS absorption spectrum and recorded in the region 190-1100nm using a Perkin Elmer (Model: Lambda 35, path length of 1.0cm, scan rate 1920nm/sec) UV-Vis-NIR Spectrometer. The double distilled water was used as a blank reference.
Fourier Transform Infra-Red Spectroscopy (FTIR):
The nanoparticles were distinguished using a Fourier Transform Infrared Spectrophotometer (Perkin Elmer RX1 and Nicolet Avatar Model spectrophotometers). Two milligrams of the sample were mixed with 100mg Potassium bromide (KBr). Then, condensed to prepare a salt disc approximately 3mm in diameter and the disc were directly kept in the sample holder. FTIR spectra were verified in the absorption range between 400 and 4000cm -1 .
X-Ray Diffraction (XRD) Analysis:
The particle size and nature of the silver nanoparticles were found out using XRD. XRD patterns were recorded with a PANalytical Philips X'Pert ProX-ray diffractometer Using CuKα radiation (λ= 1.5406 Å) low angle diffract grams were recorded in the 2θ range 5.0 -80° with a 2θ step size of 0.02° and a step time of 20 second at each point. X-ray powder diffraction is a rapid analytical technique mainly used for phase classification of a crystalline material and can supply information on unit cell dimensions. The analyzed material is finely ground, and the mean bulk composition is found out. The particle or grain size of the particles on the iron nanoparticles was determined using Debye Sherrer's equation.
D= 0.94 λ/ B cos θ
X-ray analyser (EDAX)
The elemental analysis was examined by energy dispersive X-ray analyser (EDAX) system (Model: Oxford INCA Penta FET X3) and HPLC, LC-2030 3D model (Low pressure quaternary gradient system) was used with inbuilt PDA detector. Shimadzu lab solutions software (ver. 5.8) was used to operate the HPLC.
Scanning Electron Microscope (SEM) analysis:
The surface morphologies were characterized by SEM using JEOL JSM-6390 and FEI Quanta 200 scanning electron microscopes at an accelerating voltage of 20keV. SEM is a kind of electron microscope that projects a sample by scanning it with a tall energy beam of electrons in a faster scan patterns. This film of the sample was arranged on a carbon coated copper grid by immediately dropping a very small amount of the sample on the grid. Extra solution was removed by means of a blotting paper and then the films on the SEM grid were permitted to dry by putting it under a mercury lamp for 5min. Areas ranging from approximately 1cm to 5 microns in width can be imaged in a scanning mode using conventional SEM techniques (magnifications ranging from 20X to approximately 30,000X with spatial resolution of 50 to 100 nm).
RESULTS AND DISCUSSION
Nanoparticles characterization is important to comprehend and succeed the nanoparticles synthesis and applications. Characterization is attained by using various techniques such as Scanning and Transmission, UU-vis spectroscopy (UV-Vis), powder X-ray diffractometry (XRD), Fourier Transform Infrared spectroscopy (FTIR), and Electron Microscopy (SEM) [17] [18] [19] [20] [21] [22] . These techniques are used for determination of different parameters such as particle range, character crystallinity, fractal dimensions, pore size and surface area. Recently, investigators have paid more consideration on the green synthesis and applications of Iron Oxide using various plant extracts. The present study was carried out to the synthesis Iron Oxide using aqueous extract of Solanum tuberosum.
Synthesis of Iron Oxide-Nanoparticles (Visual Inspection)
In the typical synthesis of iron oxide nanoparticles, Solanum tuberosum extract was added slowly into FeCl3 solution at room temperature. After adding the leaf extract into FeCl3 solution, within 3min, a visible color change was observed, the yellow color aqueous solution of FeCl3 turned to greenish black indicating the synthesis of Iron oxide nanoparticles (Fig 1) . Antibacterial assay 23 
Antibacterial activity of Iron oxide nanoparticles: Agar well diffusion method
The antibacterial properties of the Iron Oxide Nanoparticles were evaluated against Gram positive and Gram negative bacterial strains using agar well diffusion method. Table 9 shows the effect of Iron oxide nanoparticles on the growth of both Gram positive and Gram negative bacteria. Iron oxide nanoparticles exhibited significant antibacterial activity against Gram positive bacteria than Gram negative pathogenic bacterial strains tested. 
Antimicrobial screening by disk diffusion technique
Antibacterial activity results of Solanum tuberosum extract were given in the 
Minimal Inhibitory Concentration (MIC) (Broth Tube Dilution Method)
Minimum inhibitory concentration of Iron Oxide Nanoparticles for the antibacterial activities was presented in the Table 11 . The Minimal Inhibitory Concentration produced by the commercial antibiotic, ampicillin, was between 500 µg and was larger than those produced by extracts which was between 500 -2000 µg 23 .
Bacterial strains were spread on agar plates. Different amounts of Fe3O4 nanoparticles (25μg and 50μg) were placed in the wells. Controls contained Ampicillin (20μg) in place of Fe3O4 nanoparticles. The incubation period was 24 h at 37°C. Zone of inhibition was measured as described in methods.
Bacterial strains were spread on agar plates. Different concentrations of Iron oxide nanoparticles (0.1-2.0 mg/ml) were placed in the wells. Control contained Ampicillin (20μg) in the place of nanoparticles. The incubation period was 24 h at 37ºC. Zone of inhibition was measured and minimum inhibitory concentration of Iron oxide nanoparticles was determined. 
Synthesis of Iron Oxide-Nanoparticles (Visual Inspection)
Generally, the iron oxide nanoparticles have been prepared by strong hydrolysis of iron salts at elevated temperature 24 .
The plant mediated iron oxide nanoparticles were prepared at room temperature. Hence the mechanism of study of iron oxide nanoparticles formation is a little difficult. However, the organic compound, which is present in the plant extract, acts as a reducing as well as capping or binding agent to form iron oxide nanoparticles. The colour change arise from the excitation of the surface plasman resonance (SPR) phenomenon is typically of iron oxide nanoparticles 23, 25 .
Characterization of Iron Oxide nanoparticles UV-vis spectroscopic analysis:
The optical property of synthesized iron oxide nanoparticles is one of the important characteristics for evaluation of its optical and photo catalytic activity. UV-Visible absorption spectrum is the preliminary characterization to know the optical property. The result obtained from UV-Visible spectroscopy analysis of the sample is presented in Fig 2. Addition of Solanum tuberosum extract to 0.001 M ferric (III) chloride produced an instantaneous color change in the solution from yellow to intense brown, indicating the formation of iron-containing nanoparticles 26 . This phenotypic change correlated well with the absorption spectra data, such that the absorption peak at 360 nm of the ferric (III) chloride was shifted to 405 nm after the addition of the plant extract, with the 405 nm peak being indicative of iron nanoparticle formation.
In the present study, the absorption maxima of synthesized Iron oxide nanoparticles are similar to those observed in other studies which used tea and sorghum extracts to produce iron nanoparticles [26] [27] [28] . An absorption maxima of iron nanoparticles with a peak of 415 nm has been reported [29] [30] .
Figure 2: UV-Vis analysis of synthesized Iron Oxide nanoparticles of Solanum tuberosum
Fourier Transform Infrared Spectroscopy (FTIR):
FTIR spectra of biosynthesized Iron oxide nanoparticles were recorded to identify the capping and efficient stabilization of metal nanoparticles by functional groups of biomolecules present in Solanum tuberosum extract leaf extract. Fig 3 shows the FT-IR spectrum of prepared iron oxide nanoparticles. It displays three strong bands around 3468 cm −1 (br), 1626 cm −1 and 548 cm −1 . The observed bands are nearer to those reported for Iron nanoparticles 31 . The vibration bands are 615 cm −1 (Fe-O stretching), 1632 cm −1 (H2O bending vibration) and a broad peak at 3424cm −1 (H2O stretching) indicating phenolic compounds. Presence of organic molecule on the surface of iron oxide nanoparticles has the influence on the FT-IR peaks 32 . The broad peak observed around 548 cm −1 (Fe-O stretching) instead of two sharp peaks, may be due to the organic molecule which was from the leaf extract on the surface of iron oxide nanoparticles. The weak band at 2074 cm −1 may be due to the unsaturated Nitrogen (C≡N) compounds, tannins and alkaloids from the leaf extract. Based on these results, the presence of phenolic compounds, tannins and alkaloids were believed to be responsible for the formation and stabilization of synthesized iron oxide nanoparticles. 
X-ray Diffractometry (XRD) analysis:
The phase identification and crystalline structure of the nanoparticles were characterized by X-ray diffraction. The Xray diffraction patterns obtained for the Fe3O4 -NPs synthesized using Solanum tuberosum extract extract is shown in Fig 4. The synthesized particles when subjected to XRD analysis, gave a clear picture on the presence of major characteristic peaks for prepared crystalline metallic nanoparticles at 2θ values of 22. SEM images revealed that the synthesized iron oxide nanoparticles were aggregated as irregular rhombic shapes with panoramic view and range from 105-145 nm in size (Fig 5a to 5d ). To find out the purity of the metal particles synthesized, EDX spectrum was obtained. Dispersive X-ray Spectroscope (EDX) analysis showed the presence of elemental iron oxide signal in the sample. The appearance of chloride and carbon in the EDX spectrum is because of the FeCl3 precursors used in the synthesis protocol and attributed mainly to organic molecules in the extract. Iron oxide nanoparticles synthesized by using Solanum tuberosum showed that the synthesized nanoparticles were plate like structures with coarsened grains, uniformly distributed small spherical shaped particles and at higher magnification, large number of homogeneous nanocapsule like morphology of iron oxide nanoparticles were observed. In the previous studies reported that the typical SEM image revealed that the iron nanoparticles were clearly distinguishable at different enlargements were found to be polydispersed and measured in size from 24 to 34 nm. 
High performance liquid chromatography (HPLC) analysis:
The optimization of extraction conditions for HPLC method can be used to develop a fingerprint for the identification of Solanum tuberosum extract leaf extract (Table 9 ). It is revealed from 
